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SECTICN I

INTRODUCTION

An in-stack diffusion classifier was field tested at Tyndall Air
Force Base, Panama City, Florida. Particle size distribution measurements
were made on the exhaust stream from the engine test cell while running
a J75 P17 jet engine. Field sampling took place from 2-4 September
1980. It was again attempted on 9-11 September 1980.

The particle size distribution of the J75 jet engine exhaust was
measured using a University of Washington in-stack cascade impactor
followed, in series, by an in-stack diffusion classifier recently developed
at the University of Florida. In addition, total particulate samples
were obtained using absolute filters to determine particulate mass
concentration in the exhaust gases. Whenever possible, opacity readings
of the plume were also taken during sampling.

During the first testing period (2-4 September 1980), sampling was
performed on a J75 engine, serial #610497. This type of engine has a
thrust of 13,000 pounds at military power. The engine was tested at
operating conditions from 80 to 100 percent power. Testing had to be
terminated on 4 September 1980 because the engine was needed on the
flightline. No other engirie was available for testing at the time, so
‘the test team left Panama City.

Data collected during the first sampling period was not sufficient
to generate a reasonable estimate of the jet exhaust aerosol size distribution.
The general problems encountered are discussed in Section II, Test
Procedures.

A second sampling session was attempted 9-11 September 1980.

However, due to engine test scheduling problems, beyond the control of

testing personnel, no engine was available to test. Despite efforts to

iccate a suitable engine, none was available. While waiting for a test
engine, numerscsus quality checks were performed by the test team to

assure thet weighing and handling techniques were not biasing the measurements
in any way. The checks completed and the results obtained are discussed

in Section III.

On 11 September 1980, it was learned from the Air Force personnel
in charge of engine testing that there was little chance of receiving an
engine in time to test that week. A decision was then made to abort the
testing. The test team returned to Gainesville.

T s T 7 M 1,
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SECTION II

TEST PROCEDURES

The outlet of the test cell was measured and then traversed for gas
velocity and temperature along 5 of its 15 channels. The measurements
were done at 80 percent power. The data was averaged to obtain values
for calculating nozzle size and selecting a suitable sampling point.:
The measured data along with averages are given in Table 1. A 1l/4-inch-
diameter nozzle was chosen as the closest available to the ideal diameter
calculated at 0.17 inch. The sampling point chosen was 42 inches into
channel No. 8. This sampling point was used throughout the entire set
of runs.

University of Washington Impactor substrates were prepared and
conditioned at 350 F in the Gainesville laboratory prior to transport to
the test site. Coatings used for each test run are listed on the data
sheets (Appendix B).

All weighing was done on site in laboratory space supplied by the
Air Force. Substrates were weighed immediately prior to use on a Cahn
electrobalance. The impactor and diffusion classifier were then immediately
assembled with the tared substrates. Assembly of the diffusion battery
is described in Appendix A. The University of Washington Impactor was
assembled according to manufacturer's specifications.

In addition to the impactor and diffusion classifier, the sampling
apparatus included an EPA Method 5 type meter box. Several stainless
steel Gelman filter holders, with appropriate size glass fiber filters,
were also used for the total particle samples.

The selected nozzle was attached to the inlet of the impactor. The
impactor was followed by the diffusion classifier, stainless steel pipe,
flexible tubing, condenser unit, and the EPA Method 5 meter box.

After the equipment was moved to the test cell scaffolding, the
inlet of the impactor was plugged and the sampling unit placed into the
hot gas stream for heating to gas stream temperature. After a 30~minute
warm-up period, during which time a total particulate matter filter
sample was obtained, the diffusion classifier assembly was unplugged and
rur. Normal testing time was 30 minutes, but this was shortened to 15
minutes at 100 percent power to prevent strain on the jet engine. The
diffusion classifier assembly was run with the meter box vacuum gauge
set at 17 inches of mercury. This allowed the matched critical orifices
in the diffusion classifier to go critical and t“wus maintain a constant
flow through the sampling system. Field data sheets are included for
each run in Appendix B. .

At the end of the run, the equipment was returned to the on-site
laboratory for weighing. While still hot, the diffusion classifier was
disassembled. This was done in an effort to eliminate sticking of the
fiber filters to metal parts of the stages.



TABLE 1. SAMPLING POINT GRID FOR THE OUTLET OF J75 ENGINE TEST CELL

Channel No.

Inches into Channel

12

18

24

30

36

60

Average Temperature

13

190
0.95
200

205
0.58
210
0.49

210 .

0.38
210
0.05

205 °F

10

190
0.56
190
1.3
200
1.5
200
1.3
205
1.1
210
0.85
210
0.65
210
0.33
210
0.10
210

0.10

185
0.41
180
1.6
190
1.9
195
1.5
200
1.2
200
0.50
200
0.75
210
0.56
210
0.28
210
0.11

180
0.46
185
1.5
190
1.6
200
1.5
200
1.3
205
1.0
205
0.85
210
0.65
210
0.48
210
0.07

200
0.65
200
0.98
200
1.1
200
0.99
205
0.90
210
0.80
210
0.64
210
0.54
210
0.40
210
0.05

Temperature (OF)
Veloeity (in. HZO)
Temperature (OF)
Velocity (in. HZO)
Temperature (OF)
Velocity (in. HZO)
Temperature (°F)
Velocity (in. HZO)
Temperature (OF)
Velocity (in. HZO)
Temperature,(oF)
Velocity (in. HZO)
Temperature (OF)
Velocity (in. HZO)
Temperature (OF)
Velocity (in. HZO)
Temperature (OF)
Velocity (in. HZO)
Temperature (°F)
Velocity (in. HZO)

Average YAp = 0.855

\
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The diffusion classifier filters were then weighed along with the
impactor stage substrates. The weight gains were calculated for each
particle collection stage and then used to construct the exhaust gas
particle size distribution. Several problems were encountered which !
prevented reliable size distribution data from being generated.

One significant problem was filter material being lost due to
sticking to the metal housing surfaces. This problem was most prevalent
when the stages were allowed to cool before disassembly. Several
solutizgf were tried, including disasgembly while hot and the use of
teflon™~ backup filters.: The.teflon&«)backup filters seemed to help,
but the diffusion classifier still required disassembly while hot. In
Run No. 8, the diffusion classifier was not disassembled while hot
because the sampling procedure was being filmed by Air Force personnel.
This was time consuming and allowed the stages to cool.

A major problem encountered was the low smoke level from the J75
engine. The largest filter weight gain was only about 0.3 milligram in
Run No. 6, where no filter sticking was in evidence. Handling and’
weighing precision checks completed during tBe second test week showed
diffusion classifier stage weight gain deviation of + 0.03 milligram,
Therefore, the largest measured weight gain was only ten times the
variacion due to handling, assembly, disassembly, and weighing. More
ideal stage weight gains would be on the order of 1 milligram. In an
attempt to reach this, the power setting of the engine was increased
from 80 percent to increase the smoke emissions. However, this increase
in power caused an increase in the engine's operating temperature so the
sampling time could not be extended and risk engine damage. During Run
No. 8 at 100 percent power the test had to be shortened because the gas
temperature increased so much that the water-cooling jets were about to
be activated (normal engine test procedures).

Several possible solutions exist for the low filter weight gain
problem. Running at a low pover setting for a very long period would
increase the weight, but with a substantial increase in fuel consumption.
A different type of test engine could be used which creates more smoke.
One solution might be to de-tune an engine specifically to create more
smoke for testing purposes.

During the second sampling trip, 9-11 September 1980, no engine was
available for testing. However, it was thought one would become available
so the sampling team remained on site.

Quality control checks were performed by the sampling team. Checks.
included: running clean, filtered air through the diffusion classifier
and determining the filter weight differences; repeated weighings of
individual filters after removal; duplications -{ filtered air rums;
Cahn balance calibration checks; and repeated simple assembly-disassembly
runs to check for technique problems. The results indicated that the
technique of assembly and disassembly give filter weight change values
that are + 0.03 mg. X .

Finally, a rup_was set up with an absolute glass fiber filter
preceding a tgflon~ filter to check the effect of clean, hot stack gas
on the tefon filteriEDThis run was to be coupled to a diffusion classifiexr
run using only teflon™ filters in the classifier. This check was never
completed because a test engine was not available.



SECTION III

TEST RESULTS AND DISCUSSION

Weight gain results and other relevant data have been tabulated for
each test run. This-information is presented in Appendix B.

As stated in Section II, several problems occurred during the
sampling and analysis which rendered most of the diffusion classifier )
data unusable for the calculation of size distribution. Of the four
diffusion classifier runs completed, only Run No. 3 yielded data which
could generate a reasonable distribution. An assumed weight gain was
necessary for D.C. stage No. 5. This allowed a distribution to be
calculated.

Using weight gain information in Appendix B, calculations were made
for a normalized weight distribution within the size intervals covered
by the impuctor and the diffusion classifier. A cumulative log probability
distribution was also calculated for Run No. 3.

The size distribution was calculated using the D method for both
the impactor and the diffusion classifier. The valueg calculated for
each size interval are listed in Table 2. The normalized weight distribution
values were used to generate a frequency histugram (Figure 1). The
cumulacive log probability distribution was plotted in Figure 2.

Analysis of diffusion classifier data by the D method gives only
a rough approximation of the size distribution of vgry small particles.

A more refined method is being developed to use a nonlinear iterative
formula. This generates a distribution taking into consideration the
gradual slope of the diffusion classifier size cutpoint curve. The data
from Run No. 3 was used in a computer program using this formula. This
program is currently being examined and refined to maximize its reliability.
The distribution output and the actual program used are presented in
Appnendix C.

Opacity measurements taken during sampling followed EPA Method 9
gu-aellnes as far as location of observer, location of sun, direction of
Diume travel, etc. Thes« measurements were not taken continuously at 15-
second intervals. Only an approximate opacity measure was of interest
for this study. As expected, opacity tended to increase as engine
stress was incrcased, as shown in Table 3. This increase of opacity
coincided with an increase in particulate grain loading in successive
runs.,

The size distribution of the aerosol in Run No. 3, the only reliable
run, appears to be bimodal. The log probability plot (Figure 2) shows
an S-shape which indicates a bimodal condition. This is even more
clearly illustrated in the normalized histogram (Figure 1). This figure
shows a major peak around 0.1 to 0.2 micrometer and a minor peak around
3 micrometers. The large peak is probably the primary combustion aerosol
whic™ is typically submicron in size due to the nature of origin. The
mizor peak is probably due to reentrainment of particle agglomerates.
These are usually larger than one micron and few in number. This produces
a significant fraction of weight in the micron range of sizes. However,
as shown in Figure 2, over 80 percent of the aerosol weight is due to



5 . :

particles in the submicron range. Again, this is shown in Figure 1
where the area of the histogram below one micron is substantially larger
than the area above one micron. It should be noted that the ratio of
the area under a given size interval to the area of the total distribution
is a direct measure of the ratio of size interval weight to total particulate
weight. This information is useful -in the design of effective control
equipment. o o e

Further field work is necessary to solve existing sampling problems
as well as discover and solve additional probléms. Also, additional
work is needed on the data reduction program for the diffusion classifier
to obtain reliable and accurate distribution of submicron aerosols.



Dpso (um)

31

14
5.2
2.6
1.5
0.74
0.38
0.27
0.14
0.069
0.041
0.01

TABLE 2. CALCULATION RESULTS FOR RUN NO. 3

Wt (mg)

0.05
0.06
0.03
0.15
0.07
0.07
0.05

0n15 "

0.60
0.25
0.15
0.10

Wt/Vol (mg/m3)

O O O © O ©o o

Iwt = 4.70 mg/m3

.14
.16
.08
.41
.19
.19
14
0.
1.
0.
0.
0.

41
62
68
41
27

AWt

ValogD
g P

0.28
0.46
0.19
1.36
0.80
0.62
0.48
2.76
5.68
2.21
1.81
0.44

%<D

97
94
92
83

79

75
72
63
29
15



Run No.

8

TABLE 3. AVERAGE SMOKE OPACITY READINGS AT J75 ENGINE TEST CELL

Process Rate
Percent Power

80

80

80-90

90

95

95

100

100

NA = Not Available

Pounds/hr.

3000
3000
4980
NA
7500
7500
12000

12000

Average Opacity Observed (%)

NA

5

15

NA

NA

25

32

27

F-—'—"——'_—_—"—*

Black

Black

Black

Black

Black
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APPENDIX A

DIFFUSION CLASSIFIER ASSEMBLY PROCEDURE

Figure A—l(a) shows the major sections of the diffusion classifier.
The following diffusion classifier assembly procedure is recommended:

1. Clean all surfaces thoroughly.

2. Clean orifices in acetone or other solvent and make sure they are
not plugged. The orifices should not require frequent cleaning. Yet,
they should at least be checked after each ten hours of operation. It
is a good practice to occasionally check their calibration.

3. Apply a high temperature lubricant to all threaded parts if operating
conditions warrant it. Care must be taken in applying the lubricant to

the various diffusion classifier stages and orifices. This helps reduce
filter sample contamination and plugging of orifices by the residues of

the high temperature lubricant after the volatile components have vaporized.

4., Thread the orifices snugly into the Swagelok fittings and the
Swagelok fittings into the base. To avoid problems at elevated temperatures,
do not overtighten the fittings in the base [Figure A-1(b)].

5. Precondition five filters in an environment as similar as possible
to that being 'sampled, and choose filters with temperature limits
compatible with that of the gas being sampled. Weigh these filters and
record their weights.

6. Place the filter over the perforated plate and fine mesh screen
filter support, and then place the seal ring on top of the filter in the
bottom section of each diffusion classifier stage. Filters must be
handled carefully to keep spurious weight losses or gains to a minimum.
Place clean, unplugged screens in the top section of each stage, and

then insert the retaining ring. Avoid using sharp instruments like
screwdrivers in this operation because of the risk of damaging the
screens. Now assemble the top and bottom sections of each of the five
stages [Figures A-1(c), (d), and (e)]. Stage No. 5 has no screens, and
stage No. 4, No. 3, No. 2, and No. 1 have 5, 10, 20, and 36 screens,
respectively. The number of screens can be varied as needed. To check
for screen plugging, use a low power microscope. If a significant buildup
is observed, the screens should either be replaced or cleaned and reused.
Frequency of cleaning depends on the operating conditions. As a general
rule, the screens at thé upstream end should be checked after every

test. At the first sign of plugging, the screens should either be
cleaned, or the first few screens from the upstream end should be replaced.

1l



7. Attach the diffusion classifier stages to the base in the following
order:

a. Stage No. 5 is secured to Swagelok fitting No. 5 at the center
of the base [Figure A-1(f)].

b. Stage No. 4 and No. 3 are secured to their respective fittings;
No. 4 and No. 3 are located directly opposite each other
[Figure A~1(g)].

c. A similar procedure is followed with stage No. 2 and No. 1
[Figure A~1(h)].

8. Secure the cylindrical casing and inlet section in place. The
diffusion classifier is now ready for sampling [Figure A-1(i)].
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(a) The major sections of the

(v)

Figure A-l.

diffusion classifier

Orifice, Swagelok fitting, and
base assembly

Diffusion Classifier Assembly Procedure
13
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(c) Diffusion Classifier Stage
completely disassembled

(d) Diffusion Classifier Stage
partially assembled

(e) Diffusion Classifier Stage N
fully assembled

Figure A-1. Diffusion Classifier Assembly Procedure (Continued)
14




(f) Assembly of diffusion classifier (g)
stage No, 5 to Swagelok fitting
No. 5

(h) Assembly of diffusion classifier (i)
stages No. 2 and No. 1 to
Swagelok fittings No. 2 and No. 1

Assembly of diffusion

classifier stages No. 4 and
No. 3 to Swagelok fittings
No. 4 and No. 3 i

Diffusion classifier fully )
assembled

Figure A-1, Diffusion Classifier Assembly Procedure (Concluded)

15
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RUN DATA SHEETS WITH

WEIGHT GAIN RESULTS
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Field Data Run No.

TEST LOCATION 1vnd:il Air Force Bese

SAMPLING CONDITIONS:

Temperatuce

/5"

J75 P17 Engine Test Cell
TEST TYPE Iopactouw/Diffusion Classifior Pressure ambient

DATE Seprember 2, 1930

H,0 concentration 3,i-
2 e e i

TIME 1430

Molecular weight 29

SAMPLED VOLUME ;9 30 DSCF

Sampled volume 16,37 acf

PROCESS RATE 807% Power 3000#/hr.

PARTICULATE WEIGHT GAIXN

Sampling time 30 min

Impactor: CUniversity of Washington Coating: Apiezon L
Stage Initial Final Weight
Cutpoinc Weight Weight Gain AW/VA Log d
Stage (pm) (mg) (mg) (mg) (mg/m>)
1 31 6660.63 £566.63 0.00 -
2 R 974.66 974.75 0.09 ~
3 5.2 970.95 970.92 -0.03 -
3 2.6 979.99 979.97 -0.02 -~
) 1.5 989.30 989.45 -0.053 -
6 0.7. 1007.80C 1007.74 -0.06 -
7 9.38 988.89 988.85 ~0.04 -
Imoaccor Sex o 0,338 wm)
wsine TULisifier: A Filter Media ¢ Glass Fiber
Stage irvitial Fiaal Weight
Cutso.. . Weight Weight Gain AW/VA Log d
C oy PRI ¢ 3 P
Sta: i img) (mg) (mg) (mg/m*)
i ey 139.35 139.76 0.21 -
- 0.1« 146,24 140.31 0.0 -
3 0.062 139,32 139. 40 0.14 -
A .12 140,12 0.00 -
: ~CL0-L 22005 140.22 0.17 -
Difiusior Beo < Sum (< 0.38 um) 0.85 =

TCIAL weight coll:cted in run

DT S SIS o SR TN

“acler small smeunt of this filter stuck during removal.

17




Field Data Run No, 2

SAMPLING CONDITIONS:

TEST LOCATION 1yndall Air Force Base Temperature_653°R (193°F)

TEST TYPE Single High-efficiency filter FPressure_ ambient

DATE September 3, 1980 H,0 concentration_ 2.6
TiMe 0910 Molecular weight 10
SAMPLED VOLUME __16.20  SCF Sampled volume _20.80 acf
PROCESS RATE __ 30% Power 3000#/hr. Sampling time 20 min

PARTICULATE WEIGHT GAIN Gelman Filter

Impactor: Coating:
Stage Initial Final Weight
Cutpoint Weight Weight Gain AW/VA Log dp
Stage (pm) (mg) (mg) (mg) (mg/m3) ,
1 137.26 138.13 0.87 - '
2
3 1
4
5
6
7
Diffusion Classifier: Coating:
Stage Initial Fipal Weight
Cutpoint  Weight Weight Gain AM/VAhLog dp
Stage {pm) (mg) (mg) (mg) (mg/m°) :
1
2
3
4
5
TOTAL weight collected in run mg

Concentration 1.898mgjdscm3

grains/dscft

*Note: This filter ran immediatelv prior to Run No, 3 during same (ngine .

.8




rield Data kun No, 3

SAMPLING CONDITIONS:

TEST LOCATION Tyndall Alr Force Basc Temperature ©75°% (2i% ¥,

TEST TYPE Impactor/D.3B. Pressure ambient

DATE Septamper 3, 1980 H20 concentration_ Z2.6%

TIME 0935 Molecular weight 29

SAMPLED VOLUME  13.34 DSCF Sampled volume 17.61 acf

PROCESS RATE _ 30-90% 4980#/hr, Sampling time >0  win ‘

PARTICULATE WEIGHT GAIN

Impactor: Universicy of Washington Coating: apieczon L i
Stage Initial Final Weight
Cutpoinut Weight Weighnt Gain AW/VA Log d
Stage (um) (mg) (ag) (mg) (mg/m3)
1 21 680.73 A8G. 738 0.05 0.28
2 i~ 975.39 975,45 0.06 J.46
5 5.2 981.27 981.30 0.03 0.19
4 2.5 986.22 986,37 0.15 1.36
g 1.3 991.45 991.52 0.07 0.80
6 5.7 995.93 996.05 0.06 0.62
7 0.38 979.52 979,57 .05 0.48
lmma oot sue (40,33 Lm) 0.48
S ‘srirer: A Filter Meciz ¢ Glass Fiber 1
Siage iliiaai Final Weignt
Cutpe - ° Welght Weight Gain AW/VA Log d
Sta.s {om’  (mg) (mg) (mg) (mg/m3) P N
! g0 139.357 139.60 0.03 2.76
T 138.38 133.53 0.15 5.68
¥ 0.0y L4071 140.91 0.20 2.22
E C.a4 . 137.2¢ 138.19 0.23 1.81
5 ~0.04. 140,18 143.20 0.11(2) 0.44
siffusion Classifier Sum ( v.33 .m) 1.25
TOTAL weigat cellected in run 1.73 my
N
Tonciatacien | 4.59mg/dscm
graiaos/dscf

Filtere stuck co both steel backing plate and spacing rings in all
D.C. scages,

Assumad wolu . Stage 5 weizat gzain in error Thererore:
assumaed = 5225 mg Total gain of 5 x 0.25 = 1.25
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Field Data No. 4

TEST LOCATION Tyndall Air Force Base

TEST TYPE__Single high-efficiency filter

DATE September 3, 1980

TIME 1408

SAMPLED VOLUME 8.52 SCF

PROCESS RATE 90% Power

PARTICULATE WEIGHT GAIN: Gelman Filter

Impactor:
Stage Initial Final
Cutpoint Weight Weight
Stage (pm) (mg) (mg)
1 138.53 139.08
2
3
4
5
6
7
Diffusion Classifier:
Stage Initial Final
Cutpoint Weight Weight
Stage (um) (mg) (mg)
1
2
3
4
5
TOTAL weight collected in run mg
Concentration 2.281mg/dscm 3
grains/dscf
*Note:

20

SAMPLING CONDITIONS:

Temperature 677°R (217°F

Pressure ambient

H, 0 concentration 3.2%

2

Molecular weight 30
Sampled volume 12.04 acf {
]
Sampling time 10 min :
Coating:
Weight
Gain AW/VA Log d
(mg) (mg/m3)
0.55
Coating:
Weight
Gain AW/VA Log d
(mg) (mg/m3) P

This filter run immediately prior to Run No. 5 during same =2ngine - -




Fieid Data Run M. >

TEST LOCATION Tvndull Air Force Buse

TEST TYPE  Single high-efijciency 11iter

DATE September 3, 1980

TIME 1436

SAMPLED VOLUME 8.45 DSCF

PROCESS RATE 95% Power 7500it/hr Sampling time 10 min
PARTICULATE WEIGHT GAIN : Gelman Filter
Impactor: Coating:
Stage Initial Final Weight
Cutpoint Weight Weight Gain AW/VA Log d
Stage (pm) (mz) (mg) (mg) (mg/m3)
1 141.04 142,52 0.88
2
3
4
5
6
7
S Ffusion Classifier: Coating:
Stage loscaal Final Weight
Cutpo.s Weight Weight Gain AW/VA Log d
st lgm o _(mg) _(mg) _(mg) (mg/m®) P
5
TOTAL weight collected in run mg
Tacentootoon 5. u30mg/dscm 3
grains/dscf
*Note: Thi= filter run immediately prior to Rum No. 6 during same engine test.
]
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SAMPLING CONDITIONS:

Temperature ©Y5°K (23> V)

Pressure ambient

HZO concentration 3.0
Molecular weight 30

Sampled volume 12.28 acft




Field Data

TEST LOCATION Tydall Air Force Base

TEST TYPE Impactor/D

.B.

Run No, 6

SAMPLING CONDITIONS:

Pressure

Temperature 690°R (230°F)

ambient

DATE September 3, 1980

HZO concentration 3.2%

TIME 1439 Molecular weight 30
SAMPLED VOLUME 12.49 SCF Sampled volume 17.5C acf
PROCESS RATE _95% Power 7500#/hr. Sampling time 30  npin
PARTICULATE WEIGHT GAIN
Impactor: University of Washington Coating: Apiezon L
Stage Initial Final Weight
Cutpoint Weight Weight Gain AW/VA Log d
Stage (pm) (mg) (mg) (mg) (mg/m*)
1 31 966.69 966.70 0.01 -
2 14 974.85 974.69 -0.16 -
3 5.2 971.05 971.00 -0.05 -
4 2.6 980.08 980.03 ~0.05 ~
5 1.5 989.54 989.51 ~0.03 -
6 0.74 1007.81 1007.86 0.05 -
7 0.38 988.95 988.93 -0.02 -
Impactor Sum (>0.38 um) ?
Diffusion Classifier: A Filter Media :Glass fiber filters with
teflon@@ backup filters and
Stage Initial Final Weight spacing ring liners.
Cutpoint Weight Weight Gain AW/VA Log d
Stage (pm) (mg) (mg) (mg) (mg/r=) P
1 0.27 141.63 141.56 -0.07 -
2 0.14 135.39 135.55 0.16 -
3 0:.069 138.85 138.98 0.13 -
4 0.041 139.14 139.45 0.31 -
5 <0.041 135.86 136.06 0.21 -
Diffusion Classifier Sum (<0,38 um) 1.05
TOTAL weight collected in runm mg
Concentration mg/dscm
grains/dscf
*Note: Teflon filters weighed separately before and after run wit. averas

weight change = 0.022 mg.




Field Data Run No. 7

SAMPLING CONDITIONS:

TEST LOCATION Tyndall Air Force Base Temperature 798K (338 1)
TEST TYPE Single hi-efficiency filter Pressure ambient
DATE September 4, 1980 HZO concentration 4.0% 1
TIME 0825 Molecular weight 30 i
— i
‘ SAMPLED VOLUME___8.13 DSCF Saapled volume 13.06  acf
i PROCESS RATE 1007 Power 12000#/hr. Sampling time 10 pin |

PARTICULATE WEIGHT GAIN : Gelman Filter

Impactor: Coating:
Stage Initial Final Weight
Cutpoint Weight Weight Gain AW/VA Log d
Stage  (um) (mg) (mg) (mg) (ng/m®) P
1 140.05 142.82 2.77
2
3
4
5
6
7 *
Diifasion Classifier: Coating: 4
Stay= Initial Final Weight
Cutpoiar  Weight Weight Gain AW/VA Log d
Stage ‘1im) (mg) (mg) (mg) (mg/m3) P

TOTAL weight collzcted ia run mg
3

e e A g AG 5  ¢-
f .
tn Lo U

Concentcation (2.039 mg/dscm

_grains/dscf

wote: This filter run immediately prior to Run No, 8 in same engine test.
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Field Data Run No. 8

TEST LOCATION Tyndall Air Force Base

TEST TYPE Impactor/D.B.

DATE September 4, 1980

TIME 0848
SAMPLED VOLUME 5.89 SCF
PROCESS RATE 1007% Power 12000#/hr.

PARTICULATE WEIGHT GAIN

SAMPLING CONDITIONS:

Temperature 806°R (346°F)

Pressure ambient

H,0 concentration 4.07%
Molecular weight 30
Sampled volume 9.86 acf
Sampling time 15 min

Impactor: University of Washington Coating: Glass Fiber Substrates
Stage Initial Fipal Weight
Cutpoint Weight Weight Gain AW/VA Log d
Stage (pm) (mg) (mg) (mg) (mg/m3)
1 31 841.29 841.33 0.04 -
2 14 1228.88 1229.41 0.53 -
3 5.2 1232.21 1232.25 0.04 -
4 2.6 1228.72 1228.74 0.02 -
5 1.5 1215.77 1215.84 0.07 -
6 0.74 123040 1230.46 0.06 -
7 0.38 1225.99 1226.16 0.17 -
Impactor Sum (>0.38 um) 0.93
Diffusion Classifier: Filter Medici Glass Fiber Filter with i
teflon@DBackup filter and teflon |
Stage Initial Fipal Weight ring liners.
Cutpoint Weight Weight Gain AW/VA Log d 1
Stage (um) (mg) (mg) (mg) (mg/m3) P ;
Kk
1 0.27 317.16 317.14 -0.02 - .
2 0.14 321.69 321.58 -C. 11 -
3 0.069 318.52 318.47 - .05 -
4 0.041 322.90 323.11 9.21 -
5 <0.041 318.61 318.78 0.17 -
Diffusion Classifier Sum (<0.38 um) 0.85

TOTAL weight collected in run mg

mg/dscm
grains/dscf

Concentration

*Note: Glass fiber and teflosg¥ilter parts weighed simultaneouslw.
Glass fiber filter stuck to ring because it wasn't untighienec

Note:

while hot. 24




APPENDIX C

PET COMPUTER PRINTOUT AND PROGRAM FOR

DIFFUSION CLASSIFIER DATA REDUCTION
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MEXT 1
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'Y"T'="I"

FOR J=1 TQ HZ

REM CRLC DIFFEREMCES IHM FEHETRARTION

FOR I=1 70 MT

DRI, Jo=Pil, Jo-Fil+1, 32

MENT I

DFCHA: Ja=PJHA. J2-8

NEST J

FEM FOR ERCH =TAGE FIMDS MA=IMUM WARLUE OF DF
FOR I=1 TO HMA

DEcIs=.8

FOR J=1 TD MW

IF DRCI22DPCT. T GOTO 730

D Ta=DFcI. .02

DH=1,.0E+30: DL=1.8E-24
W=SGENCDECTI D DR=ABS DR I 2 )

IF DH<=DL THEM DisCla=V$DL

IF DR>DH THEM DHECIa=Y4IH
NEXT J

NE®T I
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IMPUT "WT ON STRGE 1=".C0%:
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FOR J=1 TO HZ
SM=SM+PCO T

HEST J

228 FOR J=1 TO HZ
1230 PECIa=sIHTEPCO I #
1248 POCOJa=INTCRCO T %
1258 MEXT J

1268 LET R=MZ-1

1278 PLONZ  =190~FK CHZ

12808 FOR J=1 TQ R

12236 PLOME-To=PLONE-T+1 5~FEOHI-T)
298 MERT J
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1=1@ OPEM 1.4

1328 CMD 1

1338 FRINT CHR$O12"DIFFUSION CLASSIFIER®

1348 FRIMT :FREINT (PRINT

1358 T#="DIA WT XJ<DIR"

1268 FRINT CHR$C12TS: IHF¥ 1:3'THEfI-; QUEURZE40 CPRINT
1378 FRINT “CMICROM

1328 OPEN 3.4.2

15339 OPEM Z.4.1

148

3 FOR J=1 TO M2

1416 II1=25,$PCCT0 100, +,
1420 IF II<=25 GOTO 1446
1438 I1=2%5

1446 PJI=PCCTD

1458 PL=PLC.J2

1468 SJI=SZCJa%1 . 3E+37
1470 PL=CINTCIRB®PLY s 100

1430 E fIHT':in__.rGh,:' ‘106

g 8,3 @

1509 PEIHT#BJ"Z.B

1918 FRINT®#Z.SJ. PRI PL.
1520 FRIMTH#H1L." I QO0SUE211G: FEIMT#1

1578 HEXT J

1548 CLOSE 2

1958 OFSH 4.4

1568 CHMD 4

1570 FPRINT CHR$C1"QBSERVED M GOSURZ2z1a ~“RINT

1588 FOR I=1 TO HA

153G REM CHAMGES FRW STRGE MEIGHTS T2 PERCEMTS

1680 CPRCIM=COIr€1aB 2010

1619 FEM COMPUTES “CALCULARTED" CUMULATIVE WEIGHTS OM STAGES
1828 CC(Ir=0.8

1639 FOR J=1 TO M2

1548 Coolr=CCClo+PCl, JowpPCo T

1650 NEXT J

1660 FEM CALC LOGRATIO

1670 FACT»=LOGCCO I xS0l n a2, 202525
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FRIMT"+",

FOR I=1 TO 25

F$=Il . " .

IF I/5=INTCIAS2 THEM Fx="+"
FRIMNT F$.

MEST 1

FETURHM

AA=INTCII

FRIMT#1." ",

IF AR<CI THEM GOTOD 2124

FOR I=1 TO AR

@ GE="H

IF 1/2=IMTC(IA/S) THEN G#$="a"
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